In this study, we demonstrate that a strain bearing the A(argF-lacZ)205(U169) deletion exhibits a high level of resistance to hydrogen peroxide compared with its undeleted parent. Our initial investigation of the mechanism behind the observed differences in peroxide resistance when parent and mutant strains are compared indicates that the parent strain carries a region near argF that is responsible for the H2O2-sensitive phenotype, which All aerobically growing, respiring cells suffer from the deleterious effects of oxidative metabolism. These effects result from the oxidation of various cellular components such as DNA, RNA, proteins, and lipids (5, 9, 20) . To cope with oxidative damage, cells have evolved a complex network of genes comprising several different global regulons. Many of the genes that comprise the oxidative defense systems are regulated and are induced when cells encounter elevated levels of oxidative compounds such as superoxide, hydrogen peroxide, and organic peroxides. The genes induced by these agents include genes whose products detoxify these reactive compounds and genes whose products repair the DNA damage that they produce (7, 11).
All aerobically growing, respiring cells suffer from the deleterious effects of oxidative metabolism. These effects result from the oxidation of various cellular components such as DNA, RNA, proteins, and lipids (5, 9, 20) . To cope with oxidative damage, cells have evolved a complex network of genes comprising several different global regulons. Many of the genes that comprise the oxidative defense systems are regulated and are induced when cells encounter elevated levels of oxidative compounds such as superoxide, hydrogen peroxide, and organic peroxides. The genes induced by these agents include genes whose products detoxify these reactive compounds and genes whose products repair the DNA damage that they produce (7, 11) .
Escherichia coli expresses different sets of oxidation protective genes at different stages of its life cycle. During active growth, the genes induced by oxidative agents that perform these functions are the genes comprising the soxRS and oxyR regulons (7, 11) . As cells enter stationary phase, genes encoding a new catalase, an AP endonuclease, and perhaps other genes that either protect or repair DNA are induced and expressed at high levels even without oxidative treatments (1, 4, 13, 14, 23, 24, 26, 28, 29) . The stationary-phase peroxide resistance genes require the katF-encoded cFs for their transcription (21, 24, 26, 27, 36) . Examination of induced proteins by two-dimensional polyacrylamide gel electrophoresis indicates that there are many additional proteins induced by oxidative damage, but their regulatory mechanisms have not yet been identified, much less characterized (12, 37) .
In this study, we observed that a strain carrying the chromosomal region between argF and lacZ is considerably more sensitive to H202 than a strain with the argF-lacZ region deleted, suggesting that the argF-lacZ region carries a gene, or genes, that sensitizes cells to H202. A gene that sensitizes the cell to H202 seems unusual in the face of so many protective * Corresponding author.
responses, and we have therefore initiated a study to determine the genetic and biochemical nature of this phenomenon. This report describes the identification and initial characterization of a locus near 6 min on the genetic map that significantly enhances the H202 sensitivity of E. coli. This locus is in the same region as the Salmonella typhimurium katC gene, which affects H202 sensitivity but has never been characterized. We have named the E. coli H202 sensitivity gene katC, in keeping with the S. typhimurium nomenclature.
MATERUILS AND METHODS
Bacterial strains, media, and genetic methods. All bacterial strains used in this study are listed in Table 1 . Survival studies were performed with cells grown in LB broth (34) , and survival assays were done with LB agar plates. When plasmid-bearing strains or strains carrying Tn9 were analyzed, ampicillin (100 jig/ml) or chloramphenicol (50 ,ug/ml) was added. Medium for P-galactosidase assays was our standard E minimal medium (34) . X broth and A plates were used for X survival assays (1% tryptone, 0.25% NaCl; for plates, 1.1% agar was added; for soft agar overlays, 0.6% agar was added).
H202 survival assays. Cells were grown overnight (minimum of 20 h) in LB broth with aeration at 37°C, washed, and resuspended in cold E salts. Three milliliters of this cell suspension was diluted in E salts to a final volume of 10 ml, from which 9 ml was treated with 1 ml of H202 freshly diluted to the appropriate concentration. After the addition of H202, samples were removed at different times, immediately diluted, and plated on LB plates or LB plates containing the appropriate antibiotics. In ously described (15) . ,-Galactosidase activity was determined as previously described (34) . Tn9 insertion mutagenesis. To produce Tn9 insertions targeted to the argF-to-lac region of the chromosome, a mating-out procedure was used. The chloramphenicol-resistant (Cmr) Tn9-containing nontransmissible plasmid pMV106 (33) was first introduced into KL226, an Hfr strain that transfers lac+ as an early marker, to construct MV2920 (17) . MV2920 was then used as a donor in a mating with strain MV2640, selecting for Lac, Cmr. Such recombinants can form only by incorporating the entire region from lac through argF and therefore inherit the katC+ allele and become H202 sensitive unless Tn9 has inactivated katC by insertion. The Cmr phenotype of Tn9 is transferred as a result of transposition to the chromosome, or as a cointegrate which rapidly resolves, producing free plasmid DNA (6, 33 Fig. 2A and B) . However, the mutant carrying AkatC was significantly more resistant than the parent, indicating that the deletion enhanced stationary-phase H202 resistance.
The high-resistance phenotype requires katE and katF. as is required for the expression of many stationary-phase-specific genes; therefore, we tested the effect of a katF::TnlO mutation on the AkatC mutant phenotype. Both mutant and parent strains were sensitized to the lethal effects of peroxide as a result of a katFJ3::TnlO mutation, and more importantly, the resistance of the mutant strain no longer exceeded that of the parent, since their survival levels after a 5-min treatment with 0.05 M H202 were 50% for the katF mutant and 8% for the katF AkatC mutant. Because the deletion may affect the expression or activity of a katF-dependent gene, we tested katE, encoding the stationary-phase catalase HPII (21) . A katE::TnlO mutation negated the enhanced resistance of the wkatC strain, making the mutant and parent strains equally sensitive to lower concentrations of H202 (Fig. 3) . Thus, the enhanced resistance phenotype of the AkatC strain requires functional katE and katF genes. Despite the requirement for both genes, catalase levels and the apparent Km of the enzyme for H202 were the same in the parent and deletion mutants. For example, stationary-phase cultures of MV1161 and MV2640 contained 62.6 ± 3 and 60.5 ± 3 units of catalase per mg (dry weight) of cells, respectively. Furthermore, expression of katE, as examined by using a katE::lacZ fusion, was unaltered by the presence of F' lac+ pro' katC+ plasmid in the deletion mutant (data not shown).
katC::Tn9 insertion mutations. The A(argF-lacZ)205(U169) deletion mutation defines a region of approximately 1.5 min or 70 kb. To define the genetics of the stationary-phase resistance mutation AkatC more precisely, we chose to produce insertion mutations because they often result in null mutations and are therefore likely to mimic the phenotype resulting from the deletion mutation. To produce the desired insertion mutants, we specifically targeted Tn9 insertions to the argF-lacZ region, using the katC+ strain, MV1 161, to identify the H202-resistant insertion mutants. Two of the Tn9 insertion mutants obtained by this procedure exhibited increased H202 resistance relative to MV1161 (Fig. 4) and mapped to the same locus. We chose one, katC5::Tn9, for further study. Cloning and DNA analysis of the katC5::Tn9 mutation. The katC5::Tn9 insertion mutation and flanking DNA were cloned from a BamHI digest of chromosomal DNA, selecting for chloramphenicol resistance to yield pC3 (Fig. 5) . A total of 4.2 kb of DNA surrounding Tn9 was sequenced to identify the insertion site. The nonmutated region was also cloned on a BamHI fragment by using DNA flanking the Tn9 in pC3 as a probe to yield pC8 (Fig. 5) . Relevant regions of pC8 were also sequenced for comparison with the Tn9-containing sequence (Fig. 6 ), revealing that Tn9 had inserted into an existing ISJ element, a frequent occurrence of Tn9 transposition because of the IS1 sequences at its ends (3). The DNA sequence also identified the specific insertion element as IS1B, which is fused to a 181-bp fragment of IS3OB and which maps between argF and proA (30) (31) (32) . The insertion of Tn9 at this position and the resultant H202 resistance phenotype implicate IS1B or the ISlB-IS30B fusion as potentially playing a role in the H202 sensitization phenotype. A general picture of these clones and the site of Tn9 insertion are shown in Fig. 5 and 6 .
DISCUSSION
We have demonstrated that a gene, or genes, present in the lacZ-to-proA region of the E. coli K-12 chromosome confers a peroxide-sensitive phenotype. The deletion A(argF-lacZ)205 (U169) ( IS1B . This produces a leucine-to-glutamine change in the putative transposase InsAB (10, 25, 38) produced by the leftward insAB gene (Fig. 6) . However, the rightward ISlB retains the parental IS1B sequence. Therefore, if the A-4T change contributes to the mutant phenotype, then the mutant product produced by the leftward IS1B must be dominant to that produced by the rightward ISJB. Several discussed above, would affect expression from ISJC as well. Therefore, we cannot formally exclude a role for IS]C in peroxide sensitivity. However, the remaining five IS] sequences are present in the AkatC mutant but do not impart peroxide sensitivity. Either the sequence differences in these other five prevent the peroxide-sensitive phenotype from being expressed or a segment of DNA adjacent to IS1B, possibly ORF-1 formed in part by the fusion to IS30B, is required. Current experiments are directed at determining the potential role of ORF-I and its promoter sequence which lie upstream of IS1B insert (Fig. 6 ) and at further analyzing the potential role of IS] itself in the H202 sensitization phenotype.
